Introduction
The control and permanent modification of the surface properties of polymers is a critical enabler for many applications. Here, we demonstrate a strategy, which we call surface energy mimicking, for the spontaneous replication of micropatterns of surface energies ranging from hydrophilic to superhydrophobic from a mold to several replicas. 10 min). After cooling, the supernatant was washed in acetone, rinsed with IPA and dried using N2 gas. Varying silane surface coverage was achieved using a dilution series of silane in 2-propanol, ranging from 100% w/w to 0.012% w/w, while maintaining treatment time and temperature. The contact angle as function of the silane concentration is reported in Figure S1 in Supplementary Information.
MMS 4 Substrates with micro-/nanostructured topography (2.5 D)
Substrates containing micro-and nanoscale roughness were used to investigate the simultaneous replication of surface energy and topography for generation of superhydrophobicity. Glass substrates with sandblasted areas (VWR, Sweden, part # 631-0116, Frosted end, ISO 8027/1) were used. Half of these substrates were hydrophobic silanized, as described above. Vacuum was applied prior to UV-polymerization (10 min at -0.5 bar) to remove entrapped gas bubbles.
MMS 5 Substrates with patterned surface properties (2 D)
Patterns of different surface energies were created starting from hydrophilic substrates using two approaches: 1) MIMIC soft-lithography [48, 49] : Teflon AF was introduced capillarilly between a soft-bonded PDMS microstructured stamp and a glass substrate. After curing and evaporation of the solvent through the PDMS, the unprotected surface is covered by a thin layer of Teflon AF, while the areas protected by the PDMS stamp patterns remains unmodified, resulting in hydrophobic patterns corresponding to the inverse of the stamp design. 2)
Silanization lift-off: Silicon substrates were photopatterned using a positive photoresist and thereafter silanized, as detailed above, while the photoresist protects specific surface areas. The photoresist is removed by the acetone during the washing step of the silanisation, resulting in lift-off of the silane. The substrate only becomes silanized in areas that are not protected by the photoresist. The molecular thickness of the silanization minimally alters the surface topography and hence can more easily be applied on 3D nanostructures.
Tests for the characterization of the surface energy mimicking
The replication of 2.5D micro-/nanostructured substrates, MMS 4, and of 2D-micropatterned substrates, MMS 5, was performed using mimicking polymer formulation PF1.
Additionally, surface energy mimicking was characterized with three specific tests.
Using PF1 to 4, i.e. containing none, either of, or both hydrophilic mimicking monomers, replicas were polymerized: Test 3: onto various unaltered raw materials substrates, MMS 1, as well as on plasma-modified PDMS substrates, MMS 2, to investigate the effect of the mold surface materials and of physical surface treatment, respectively. Here, the TPO-L photoinitiator was used instead and the concentration of mimicking monomers was lower, i.e. 0.5% w/w. [37] Manufacturing of polymer replicas
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The polymer replicas were prepared by dispensing the liquid prepolymer formulation onto master mold surfaces (Figure 1 ), or onto a supporting substrate in the case of openair polymerization. After photopolymerization, the replicas were carefully separated from the master mold, rinsed with IPA, dried using a N2 gas stream, and stored in covered petri dishes until characterization.
Chemicals and Materials
Polymer matrix: Tetraallyloxyethane (TAOE) (Tokyo Chemical Industry Co., Ltd., Japan)
and Pentaerythritol-tetrakis(2-mercaptoacetate) (PETMA) (Sigma-Aldrich Co., USA, mixed in 20.56% w/w and 79.34% w/w, respectively (except otherwise mentioned)).
An thiol group excess was used to enable further reactions using thiol groups after cross-linking, such as grafting or covalent bonding. [43, 44] A photoinitiator, Irgacure 184 (BASF Corp. USA), was dissolved in the thiol monomer (in 0.1% w/w). In some cases (as mentioned), Lucirin TPO-L (BASF Corp., USA) was used instead (in 0.3% w/w).
Functional mimicking monomers (Sigma-Aldrich Co., USA, each mixed in 1% w/w in the polymer matrix (except otherwise mentioned)): 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,- heptadecafluorodecyl-methacrylate (FDM) (initially dissolved in 20% w/w in toluene);
2-hydroxyethyl-methacrylate (HEMA) (initially dissolved in 30% w/w in toluene (except otherwise mentioned)). Polymerization was performed using a collimated (3° half-angle) near-UV short-arc mercury lamp (12 mW cm−2) (OAI, Milpitas, USA). Exposure dose was 100s of mJ cm-2 and varied to match the photoinitiator concentration and polymer formulation.
Contact angle measurements were performed using a Theta-lite optical tensiometer (Biolin AB, Sweden), using 3 μL Milli-Q water droplets. At least five droplets per sample were measured and averaged. Each measurement is an average of ten images taken every 0.1 sec, 8 sec after droplet deposition, for proper stabilization and to avoid evaporation. Contact angles were measured on each master mold < 10 min before use for molding and on the polymer replicas < 30 min after separation from the mold and IPA rinse.
Modeling
In the case of Test 1, i.e. using MMS 3, made of silanized polished glass, the surface energy mimicking can be modeled. For both the master molds and the polymer replicas, the surface energy results from heterogeneous surface constituents, i.e. constituents i = glass and silanes for the mold, and constituents j = matrix, hydrophilic and hydrophobic mimicking monomers for the replicas, which can be assumed to form surface domains in the micro-/nanometer range. The energy of the heterogeneous surface can be estimated as the surface area weighted-average of the surface energy of each constituents, using the Cassie equation: [50] [51] [52] θ
or, in the case of nanoscale domains, using a modified version of the latter proposed by Israelachvili et al.: [53] 
(2) (The model derivation is detailed in Supplementary information) Furthermore, the surface fraction of the different constituents in the polymer replica can be assumed to result from an adsorption process. At first approximation, this can be described by an adsorption isotherm of the type:
is the surface concentration of adsorption sites, and !,! the adsorption equilibrium constant of constituent j on surface i. Equation (4) enables comparing the !,! obtained from measurements using PF1 with those obtained using PF2 and 3. while for PF3, only containing hydrophobic mimicking monomers, the opposite is true.
Results
Replication of 2.5D micro-/nanostructures of different surface energies
This demonstrates that surface energy mimicking originates from surface self-assembly of the functional mimicking monomers.
Test 2: Polymerization in open air
To verify that replication of the mold surface energy is not due to transfer of silane monomers from the master to the replica, measurements were also performed on 
Test 3: Replica of the surface energy of various materials
In Figure 3 d, the contact angles of the polymer replicas versus those of the master mold for Test 3 and formulations PF1 to 4 show that surface energy mimicking also works on various unaltered materials. Surface energy mimicking is also shown sensitive to physical modification of the surface energy of master surfaces, such as for plasmatreated PDMS.
Because of the homogeneous mold materials in Test 3, equation (1) or (2) are not applicable and a linear regression was fitted instead. The slope value of 0.42 for PF1 is slightly lower than that observed with the fitted models in Figure 3 a. This may result from measurement errors or from nanoscale roughness on the mold material surfaces, as suggested by the non-zero slope for the pure matrix PF4 (Figure 3 d) , or of the replica surface, as suggested by the SEM images (Figure 2 b) .
Discussion
Beyond the functional demonstration of superhydrophobicity generation and of surface energy micropattern replication, our investigation provides interesting insight into the mechanisms underlying surface energy mimicking. The good match between model and experiments ( Figure 3 a and b) supports the hypothesis that surface energy mimicking results from area-selective self-assembly of functional mimicking monomers. The model parameters indicate that, in the hydrophobic case, the polymer replica surface is mostly composed of hydrophobic mimicking monomers, while, in the hydrophilic case, the replica surface is mostly composed of a mix of the polymer matrix and of hydrophilic mimicking monomers. Deviation from the model at higher contact angles may result from nanoscale roughness, as visible in Figure 2 b. The latter may result from clustering of hydrophobic mimicking monomers. Curing conditions may also explain the variation in surface energy of the pure thiol-ene matrix PF4 formulation. [54] As surface energy mimicking originates spontaneously from within the polymer, replication of surface energy patterns on 3D topography, such as sidewalls or reentrants structures, can be expected. Furthermore, as it originates from molecular self-assembly, replication of nanoscale surface energy patterns may be possible. The manufacturing of the mold and the separation of the replica from the mold may ultimately limit the applicability of surface energy mimicking.
One critical aspect for industrial application of surface energy mimicking may results from the maximum number of molding cycles for a single mold before extensive cleaning or regeneration is needed. In this respect, the results of Figure 2 were tested for at least five replication cycles. The contact angle for six superhydrophobic replicas obtained from a single mold is stable within the measurement error (Figure 2 c) . The selfassembly of droplet arrays was verified on the fifth replica from the same mold, and no feature degradation was observed (Figure 2 f) , despite the molecular thickness of the surface modification of the silanized mold. The latter observation was further verified after > 6 months of storage in ambient condition in closed transparent petri dishes.
The model reveals two strategies for further improving surface energy mimicking: the surface energy of the mimicking monomers moiety should cover the largest possible range, i.e. !!" ≪ and !!" ≫; and the surface-specific interaction of the mimicking monomers should be minimized for surfaces with a corresponding surface energy and maximized otherwise, i.e. !"#$%&,!!" and !"#$$,!!" ≪ and !"#$$,!!" and !"#$%&,!!" ≫. In this respect, functional monomers, such as polyhedral silsesquioxanes, [55] [56] [57] or long polyethylene glycol (PEG) monomers, may help further improving the results, notably for replication of hydrophilicity.
The engineering of other surface properties than the lone hydrophobicity/philicity, such as specific biointeractions, is also possible by using mimicking monomers with different or multifunctional moieties. Furthermore, while in this paper a thiol-ene polymer system was used, other thermoset polymers, such as (meth)acrylates, epoxies, etc., could also be considered.
Through our results, surface energy mimicking demonstrates promising features for applications requiring patterned surface modifications, with or without micro-/nanostructures. In microarray technology for example, the results of Figure 2 may be directly applicable to improve spot uniformity and read-out sensitivity. [25, 58] Generally, surface energy mimicking bears similarities with other technologies, such as surface grafting of polymer brushes, molecular imprinting, block-copolymer selfassembly, or self-assembly of Langmuir-Blodgett films and surfactants, all relying on specific energetic interactions at a material or phase interface. Hence, surface energy mimicking complements and may be inspiring for other application areas.
Conclusion
We demonstrated a strategy, surface energy mimicking, enabling merging device Table 2 Model parameters and resulting surface fractions in % after fitting on the measurements and as calculated with equation (3). We introduce surface energy mimicking, enabling spontaneous replication of micropatterns (2D and 2.5D) of different surface energies, and enabled by self-assembly of functional mimicking monomers within a polymer matrix. We demonstrate replication of surface energies ranging from hydrophilic to superhydrophobic, and selfassembly of picoliter-droplet arrays on replicated micropatterned arrays containing hydrophilic patches in a hydrophobic surface.
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Modeling
In the case of master mold of MMS 3, i.e. made of flat unstructured silanized glass, the surface energy mimicking can be modeled. For both the master molds and the polymer replicas, the surface energy is provided by a combination of heterogeneous constituents at the surface, i.e. glass and silanes for the molds, and matrix and mimicking monomers for the replicas. These constituents can be assumed to form surface domains in the micro-/nanometer size range. Based on this assumption, the surface energy of the heterogeneous surface can be estimated as the surface area weighted-average of the surface energy of each domain constituents, =glass or silane. [50] For the silanized glass surface, the surface contact angle can thus be expressed using the Cassie equation, [51, 52] as:
with the condition !"#$$ + !"#$%& = 1, and where ! are the surface fractions for each constituents and ! are the contact angle of a surface entirely made of constituent i.
However, Israelachvili et al. suggested that this model may not be adequate when surface domains are of atomic or molecular scale, in which case the polarizability, the dipole moments and the surface charge of the surface should be considered, rather than simply the Van der Waals and electrostatic forces as in equation (1). [53] They suggested a modified model to cover this case, which we also examine in this manuscript along with the model of equation (1):
With either model, the surface fraction !"#$%& can be determined by measuring the material contact angles.
For the polymer replica, the surface will be composed of two or more constituents, depending on the formulation, and the models of equation (1) and (2) can be used as well. For the sake of conciseness, the following development will only be written for equation (1) , but is similar for equation (2) .
As a first approximation, we assume the surface consisting of three main constituents, 
Furthermore, since we are interested in the surface energy mimicking, it is of interest to divide the surface fractions in the polymer replica, ! , in two separate contributions 
Silanization of glass slide
Figure S 1 Contact angle of glass slides after hydrophobic silanization as a function of the silane concentration in the solution.
